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COMMUNICATION SIGNAL PROCESSOR
ARCHITECTURE

FIELD OF THE INVENTION

The present invention relates to wideband code-division
multiple access (WCDMA) systems, and more particularly to
a communication signal processor (CSP) architecture that 1s
optimized for WCDMA systems.

BACKGROUND OF THE INVENTION

Code division multiple access (CDMA) 1s used 1n commu-
nications systems to accommodate large numbers of system
users. CDMA uses a spread spectrum modulation technique,
where the signal energy of each channel 1s spread over a wide
frequency band.

WCDMA 15 a third-generation mobile wireless technology
that 1s based on an I'TU standard derived from CDMA tech-
nology. WCDMA can support mobile/portable voice, images,
data, and video communications at up to 2 Mbps (local area
access) or 384 Kbps (wide area access). The supported data 1s
converted 1nto a digital signal that 1s spread spectrum coded
for transmission and reception over multiple frequencies.

An appreciation of the present invention and 1ts improve-
ments can be obtained by reference to the accompanying
drawings that are brietly summarized below, to the following
detailed description of illustrated embodiments of the mnven-
tion, and to the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the follow-
ing drawings.

FIG. 1 1llustrates an example system having a communi-
cation signal processor architecture in accordance with
aspects of the present invention.

FIG. 2 1illustrates a WCDMA baseband system in accor-
dance with aspects of the present invention.

FIG. 3 illustrates an example 1nstruction word for a CSP in
accordance with aspects of the present invention.

FI1G. 4 1llustrates examples of instructions used 1n example
CSPs 1n accordance with aspects of the present invention.

FIG. 5 1s a block diagram of a RAKE receiver 1in accor-
dance with an aspect of the present invention.

FIG. 6 1s a block diagram of an example RAKE finger of a
RAKE recetver in accordance with an aspect of the present
ivention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Various embodiments of the present mvention will be
described 1n detail with reference to the drawings, where like
reference numerals represent like parts and assemblies
throughout the several views. Relference to various embodi-
ments does not limit the scope of the invention, which 1s
limited only by the scope of the claims attached hereto. Addi-
tionally, any examples set forth 1n this specification are not
intended to be limiting and merely set forth some of the many
possible embodiments for the claimed mvention.

Throughout the specification and claims, the following
terms take at least the meanings explicitly associated herein,
unless the context clearly dictates otherwise. The meanings
identified below are not intended to limit the terms, but
merely provide illustrative examples for the terms. The mean-
ing of “a,” “an,” and “the” includes plural reference, the
meaning of “mn” includes “in” and “on.” The term “con-
nected” means a direct electrical connection between the
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items connected, without any intermediate devices. The term
“coupled” means either a direct electrical connection
between the items connected, or an indirect connection
through one or more passive or active intermediary devices.
The term “‘circuit” means either a single component or a
multiplicity of components, either active and/or passive, that
are coupled together to provide a desired function. The term
“s1gnal” means at least one current, voltage, charge, tempera-
ture, data, or other signal.

Briefly stated, the invention 1s related to an architecture for
a wideband code-division multiple access (WCDMA) base-
band system. The system comprises separate processing
blocks (e.g. cell search, RAKE recerver, transmitter engine,
and error correction). Each block comprises a hard-wired
logic block and a CSP (communication signal processor). The
architecture of each CSP 1s optimized to perform a particular
signal processing function. Fach CSP has an associated
memory architecture that 1s optimized for the particular sig-
nal processing function. Each CSP memory architecture
includes at least two memories that are independently addres-
sable to support simultaneous read and/or write access. The
instruction set for each CSP 1s optimized based on the par-
ticular signal processing function. Each mstruction set
includes mstruction words that are optimized for the particu-
lar signal processing function. One or more instruction words
support simultaneous read/write accesses 1n parallel.

FIG. 1 illustrates an example system (100) having a CSP
architecture that 1s arranged 1n accordance with aspects of the
present invention. System 100 includes a first processing
block (102), a second processing block (104) and a configu-
ration processor block (110). Processing block 102 includes a
first wired logic block (120), a first CSP engine (140), a first
memory circuit (130), and a second memory circuit (132).
Processing block 104 includes a second wired logic block
(122), a second CSP engine (142), a third memory circuit
(134), and a fourth memory circuit (136). CSP engine 140
includes a first control block (150) and a first signal process-
ing block (160). CSP engine 142 includes a second control
block (152) and a second signal processing block (162).

System 100 1s configured to perform a system function
comprising a first function and a second function. The first
and second function each comprise modular functions.
According to one example embodiment, the system function
1s related to WCDMA, where the first function corresponds to
a RAKE receiver function, and the second function corre-
sponds to a cell search function. Processing block 102 1s
configured to perform the first function. Wired logic block
120 1s arranged to perform fixed modular functions for which
algorithmic changes of the first function are not contem-
plated. For example, the despreading modular function 1s
typically fixed and can be implemented as “wired” logic,
which usually does not provide tlexibility for programmable
changes.

Control block 150 comprises control hardware and an
associated datapath. For example, control block 150 typically
includes a sequencer, an 1nstruction decoder, and other con-
figuration and control logic. Control block 150 1s typically
similar to other control blocks (e.g. 152). Signal processing
block 160 comprises signal processing hardware and an asso-
ciated data path. Signal processing block 160 1s configured to
perform the modular functions of the first function that might
require tlexibility for algorithmic changes. For example, the
channel estimation modular function typically requires flex-
ibility for changing the algorithm. According to one example,
CSP engine 140 1s structured such that control block 150 and
signal processing block 160 are separate.

The design of CSP engine 140 1s optimized for accom-
plishing the first function. According to one example, CSP
engine 140 1s based on a customizable signal processor. Sig-
nal processing block 160 1s arranged to perform a first algo-
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rithm for the first function (which 1s associated with the
RAKE receiver function). The first algorithm 1s optimized for
performing the first function. Signal processing block 160
includes standard modules (such as arnthmetic logic units,
multiply-accumulate modules, and the like) and custom mod-
ules. The custom modules for signal processing block 160 are
configured for substantially optimizing the first function. The
hardware of signal processing block 160 can be optimized for
performing operations of the first algorithm. For example, the
hardware of signal processing block 160 typically includes
hardware that 1s configured to perform, in parallel, multiple
operations of the first algorithm.

The memory architecture of processing block 102 1s opti-
mized for performance of the first function. Memory 130 and
memory 132 are independently addressable such that parallel
read/write operations are supported.

Processing block 102 operates in accordance with a set of
instruction words that 1s usually independent of any other
clement of system 100. The set of instructions words for
processing block 102 includes at least one mstruction word
that 1s optimized for performing the first functions. For
example, one or more instruction words can be configured to
support the simultaneous execution of multiple mstructions.
According to one example, one or more istructions are
arranged for sub-word parallelism (SWP) and single mstruc-
tion, multiple data (SIMD) 1nstructions. The substantial opti-
mization of mnstruction words 1s described 1n greater detail
with reference to FIG. 3 below.

The 1nstruction set for processing block 102 1s optimized
for performing the first function. The instructions for the
instruction set for processing block 102 are selected such that
the first algorithm can be efficiently performed.

Processing block 104 1s substantially similar to processing,
block 102, except that processing block 104 can be optimized
for performance of the second function. Control block 152
can be substantially identical 1n form to block 150. Signal
processing block 162 1s generally optimized to perform the
second function. The memory architecture, mstruction set,
and 1instructions words for processing block 104 are each
typically optimized for performance of the second function.

Configuration processor block 110 1s arranged for configu-
ration of each of the processing blocks (e.g. 102 and 104).
According to one example, configuration processor block 110

1s an ARM (Advanced RISC (reduced istruction set com-
puter) Machine) CPU (central processing unit).

FIG. 2 1s an illustration an example embodiment of a
WCDMA baseband system (200) that 1s arranged 1n accor-
dance with aspects of the present invention. System 200 com-
prises a cell search block (202), a RAKE receiver block (204),
a transmitter block (206), an error correction block (208), a
global system for mobile commumcations (GSM)/voice
functions block (210), a configuration processor block (212),
and a configuration processor memory (214). Cell search
block 202 comprises memories (220-222), a cell search CSP
engine (240), and a wired logic circuit (250). RAKE recerver
block 204 comprises memories (223-225), a RAKE CSP
engine (242), and a wired logic circuit (252). Transmitter
block 206 comprises memories (226-228) and a wired logic
circuit (254). Error correction block 208 comprises memories
(229-231), a codec CSP engine (244), and a wired logic
circuit (256). GSM/voice functions block 210 comprises a
memory (232), a programmable memory block (233), a digi-
tal signal processing (DSP) core (260), and a GSM block
(270). (More than one engine can be used for a particular
block, which allows enhanced performance and extensibility
to next-generation architectures. )

RAKE receiver block 204 1s configured to perform a
RAKE receiver function. The RAKE recetver function com-
prises several modular functions such as a despreading func-
tion, a delay-lock loop (DLL) function, a channel estimation
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function, a de-rotation function, an automatic frequency con-
trol (AFC) function, a signal-to-interference (SIR) function,
and a combining function. Wired logic block 252 1s typically
configured to perform the despreading function. RAKE CSP
engine 242 1s typically configured to perform the DLL func-
tion, the channel estimation function, the de-rotation func-
tion, the AFC function, the SIR function, Doppler estimation,

and the combining function.

The memory architecture of the RAKE receiver block
(204) 1s optimized for the RAKE receiver function. Accord-
ing to one example, the memory architecture for RAKE
receiver processing block 204 comprises distributed memory
banks for each of a plurality of fingers, odd and even banks for
cach finger, multiple address pointers for different types of
data, and multiple memory banks that are configured for
multiple channel estimations. Different data types include
pilot symbols, power control symbols, transport format indi-
cators, and user data.

RAKE CSP engine 242 1s configured to perform a RAKE
receiver signal processing algorithm. The RAKE receiver
signal processing algorithm 1s optimized for performing the
RAKE receiver function. The hardware of RAKE CSP engine
242 1s optimized for performing the RAKE recerver signal
processing algorithm. The algorithm 1s implemented with a
set of istruction words that 1s optimized for the RAKE
receiver function. The set of instruction words includes
instructions that are optimized for the RAKE receiver func-
tion.

RAKE CSP engine 242 includes instruction words that
allow the parallel execution of multiple operations of the
RAKE receiver signal processing algorithm. The hardware
architecture of RAKE CSP engine 242 comprises hardware
blocks that can operate simultaneously to support the mul-
tiple parallel operations. Instruction words and hardware
architecture support multiple parallel operations, which
reduce instruction fetching, instruction decoding, and
memory accesses such that power consumption 1s reduced.
According to one example, the architecture of RAKE CSP
engine 242 1s arranged to support two multiply-accumulators
or MACs with SWP and SIMD 1nstructions. An example of an
instruction word (300) for RAKE CSP engine 242 1s 1llus-
trated 1n FIG. 3.

FIG. 3 illustrates an example instruction word (300) for an
example CSP. Instruction 300 includes three fields (302, 304,
and 306). Field 302 corresponds to ALU/MAC, field 304
corresponds to Load, and field 306 corresponds to Load/
Store. Instruction 300 1s an example of an instruction word
that 1s arranged to support multiple operations 1n parallel.
Instruction 300 1s arranged to support parallel execution of
ALU/MAC, Load, and Load/Store instructions. RAKE
receiver algorithms require frequent use ol multiplication,
load, and load/store 1nstructions. Instruction 300 and the sup-
porting architecture allow functions such as multiplication,
multiply-accumulate, addition, load, and load/store to be per-
formed simultaneously.

Different modular functions can be implemented with dif-
ferent levels of precision. According to one example, the
channel estimation function uses 16 bits per operand, and the
de-rotation function uses 8 bits per operand. A 16-bit multi-
plier can be configured as four 8-bit multipliers such that a
SIMD 1nstruction comprising four 8-bit operands can per-
form a complex multiplication i 1-2 cycles. A 16-bit multi-
plier can take 8-10 cycles total to complete complex multiply
instructions for the four 8-bit operands. Data 1s loaded 1n
parallel such that all four multiplications are done 1n parallel.
Power consumption 1s also sigmificantly reduced using a
SIMD 1nstruction (and four 8-bit multipliers) to implement
the de-rotation function.

Each of the CSP engines (240, 242, and 244) have an
instruction set that 1s optimized for the signal processing
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function that 1t 1s configured to perform. FIG. 4 1llustrates a
few examples of instructions used in instructions sets of
example CSPs, 1n accordance with aspects of the present
invention. The instruction set of RAKE CSP engine 242 com-
prises instructions such as SWP and SIMD instructions to
complex multiply, parallel multiply, parallel add, and parallel
subtract. Codec CSP 206 includes instructions such as “add-
compare-select” (ACS), “traceback™ for a Viterb1 decoding,
and T 1or a Turbo decoder. Each of the CSP engines com-
prises approximately 10,000 logic gates, which provides a
substantial reduction 1n the number of logic gates required for

conventional DSP cores.

Each of the other processing blocks (e.g. 202,206,208, and
210) are also optimized for the function that the block 1is
configured to perform. The control hardware and associated
datapath of each of the processing blocks 1s similar. For
example, cell search CSP engine 202 has an architecture and
instruction words that are optimized for a cell search algo-
rithm. Cell search processing block 220 includes a memory
architecture that 1s optimized for the cell search algorithm.
Cell search processing block 202 includes data memory 220,
which 1s independently addressable from data memory 221
such that read and write operations of these memories can be
performed simultaneously.

Each of the CSP engines (e.g. 240, 242, and 244) provides
flexibility for changes in the algorithm. For example, the
algorithm for a CSP algorithm can be changed based on
experimentation or changes to the 3GPP standards. Addition-
ally, the algorithm can be modified to support future genera-
tions of high data rate systems.

Each of the processing blocks (e.g. 202,204, 206, 208, and
210) 1s typically configured to run independently. Each of the
processing blocks 1s responsive to interrupt signals, where the
interrupt signal can be provided by another processing block
or configuration processor 212. Data can be sent to another
processing block or to configuration process 212 when the
processing block has received an interrupt. Alternatively, date
can be recerved from the other processing block or configu-
ration processor 212 when the processing block has recerved
an interrupt.

Configuration processor 212 1s arranged for configuration
and maintenance of the processing blocks (202, 204, 206,
208, and 210). For example, configuration processor 212 1s
arranged to provide configuration with regard to slot formats
that define the services. Configuration processor memory 214
1s arranged as the memory for configuration processor 212.

FIG. 5 1s a block diagram of a RAKE receiver in accor-
dance with an aspect of the present invention. RAKE recerver
500 comprises RAKE fingers 510, frequency combiner 520,
and data combiner 330. RAKE fingers 510 provide data
across a 16-bit wide datapath, frequency combiner 520 pro-
vides data across a 10-bit wide datapath, and data combiner
530 provides data across a 6-bit wide datapath. RAKE
receiver 500 typically comprises six RAKE fingers 510,
although more or less can be used.

RAKE receiver 500 can be optimized by matching the
widths of the datapaths and by tailoring mstructions to effi-
ciently implement the RAKE recerver 300 functionality. For
example, the instructions used to implement data combiner
530 can be optimized by using 8-bit wide operands to handle
data where 6-bit precision 1s desired.

FIG. 6 1s a block diagram of an example RAKE finger of a
RAKE recetver in accordance with an aspect of the present
invention. Some of the blocks within the RAKE recetver
(such as DLL 603, channel estimator 610, automatic ire-
quency control 615, and Doppler estimator 620) often require
16-bit precision, which 1s already optimal for a 16-bit wide
datapath.

Simulation of an example RAKE receiver 500 has shown
that around 70 percent of the required processing power (at a
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data rate o1 384 kbps) 1s consumed on the channel de-rotation
and data combination functions. Channel de-rotation block
625 comprises a complex multiply operation and data com-
biner 530 comprises a complex addition. Accordingly, large
gains 1n efliciency can be realized by optimizing the channel
de-rotation and data combination functions.

As an example of sub-word parallelism, a 16-bit datapath
can be partitioned 1nto two 8-bit datapaths 1n order to 1imple-
ment the channel de-rotation and data combination functions.
An 8-bit data path 1s used for I-channel and Q-channel data,
respectively, such that an I-channel symbol and a Q-channel
symbol are packed into a 16-bit word and an I-channel esti-
mate and a Q-channel estimate are packed into a second
16-bit word. This packing of 8-bit I- and Q-channel symbols
and channel estimates reduces the amount of memory that
would otherwise be required in RAKE receiwver 500. The
packing also reduces the number of memory accesses that
would otherwise be required. Accordingly, the packing
reduces power consumption and costs, and increases speed.

As described above with reference to FIG. 3, SIMD
instructions can be used to optimize the RAKE receiver. A
SIMD 1nstruction word can be load two 16-bit packed data
words 1n a single cycle. The loading of data symbols and
channel estimate can be done 1n a single cycle 1f the data
symbols and channel estimates are stored in separate memory
banks (as 1n, for example, memory 130 and memory 132).

Additionally, an instruction word that supports ALU/MAC
istructions in parallel to a load instruction such that the
ALU/MAC hardware 1s working on a complex multiply for
the channel de-rotation while the Address Generation Umnit
(AGU)1s simultaneously working on loading data for the next
complex multiply (of the ALU/MAC) from the data symbol
and channel estimate memory banks.

Accordingly, a complete channel de-rotation operation of
RAKE receiver 500 using a SWP-based CSP architecture can
use one or two clock cycles to perform the entire de-rotation.
(The entire de-rotation 1nvolves loading data from memory,
executing a complex multiply instruction, and storing the
results back in memory.) In contrast, a conventional processor
requires 8-10 clock cycles due to nelficient use of the data
paths (e.g., by using only a portion of the available band-
width) and due to having to execute individual “load,” “mul-
tiply,” and “store” instructions sequentially.

Various embodiments of the invention are possible without
departing from the spirit and scope of the mvention. For
example, SWP SIMD structions can be used in data com-
biner 530. Data combiner 530 can be implemented using
instructions having packed data operands and a simultaneous
complex add and address calculation as described above. The
above specification, examples and data provide a complete
description of the manufacture and use of the composition of
the invention. Since many embodiments of the invention can
be made without departing from the spirit and scope of the
invention, the invention resides in the claims hereinafter
appended.

What 1s claimed 1s:

1. A system for performing a system function, comprising:

a configuration processor block that 1s arranged for config-
uring two or more processing blocks;

a first processing block for performing a first signal pro-
cessing function that 1s configured by the configuration
processor block, wherein the first processing block com-
prises a first wired logic block, a first programmable
processor block configured by the configuration proces-
sor block to change an algorithm for the first signal
processing function, a first memory for control accesses,
a second memory for data accesses, and a first instruc-
tion set, all optimized for performing the first signal
processing lfunction by the first processing block,
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wherein the first instruction set includes an 1nstruction
word for directing the first programmable processor
block to simultaneously execute differing operations
upon differing operands related to performing the first
signal processing function;

a second processing block that 1s separate from the first
processing block, wherein the second processing block
1s arranged for performing a second signal processing
function that 1s different from the first signal processing
function that 1s configured by the configuration proces-
sor block, wherein the second processing block com-
prises a second wired logic block, a second program-
mable processor block configured by the configuration
processor block to change the algorithm for the second
signal processing function, a third memory for control
accesses, a fourth memory for data accesses, and a sec-
ond instruction set, all optimized for performing the
second signal processing function, and wherein the sec-
ond 1nstruction set 1s different from the first instruction
set; and

a third processing block for performing a third signal pro-
cessing function that 1s different from the first and sec-
ond signal processing function, wherein the third pro-
cessing block comprises a codec communication signal
processor engine that 1s configured to perform an error
correction signal processing algorithm wherein the
codec communication signal processor engine com-
prises a third instruction set that 1s optimized for the
error correction signal processing algorithm and
includes a common set of 1nstruction words, and further
includes an additional set of instructions words that are
specialized for the associated communication signal
Processor engine.

2. The system of claim 1, wherein the system function
corresponds to wideband code-division multiplexing access
communications.

3. The system of claim 1, wherein the first signal process-
ing function corresponds to a cell search function, and the
second signal processing function corresponds to a RAKE
receiver function.

4. The system of claim 1, wherein the system 1s embedded
on a single chip.

5. The system of claim 1 further comprising a third pro-
cessing block, wherein the third processing block 1s for per-
forming the first signal processing function and i1s config-
urable by the configuration processor block, wherein the third
processing block comprises a third wired logic block that 1s
substantially similar to the first wired block and a third pro-
grammable processor block that 1s substantially similar to the
first programmable processor block, wherein the third pro-
grammable processor block comprises a first memory for
control accesses, a second memory for data accesses, and the
first instruction set.

6. The system of claim 5, wherein the third processing
block operates at the same frequency as the first processing,
block.

7. The system of claim 5, wherein one of the first, second,
and third processing blocks comprises a multiply-accumulate
(MAC) unit and wherein another of the first, second, and third
processing blocks does not comprise a multiply-accumulate
unit.

8. The system of claim 1, wherein the first instruction set
includes a first istruction word that 1s arranged for sub-word
parallelism and single instruction multiple data (SIMD), and
the second 1nstruction set includes a second nstruction word
that 1s arranged for sub-word parallelism and single mnstruc-
tion multiple data.
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9. The system of claim 1, wherein the configuration pro-
cessor block 1s arranged for configuration of the first process-
ing block and the second processing block, the configuration
processor block 1s an advanced reduced instruction set com-
puter (RISC) machine central processing unit, and wherein
the configuration processor block has an associated memory
that 1s separate from the first, second, third, and fourth memo-
ries.

10. A system for performing a system function, compris-
ng:

a configuration processor block;

a first processing block for performing a first signal pro-
cessing function and that 1s configurable by the configu-
ration processor block, wherein the first processing
block comprises a first wired logic block, a first pro-
grammable processor block, a first memory for control
accesses, a second memory for data accesses, and a first
instruction set that includes an instruction word for
directing the first programmable processor block to
simultaneously execute differing operations upon differ-
ing operands related to performing the first signal pro-
cessing function;

a second processing block for performing a second signal
processing function that 1s different from the first signal
processing function and that 1s configurable by the con-
figuration processor block, wherein the second process-
ing block comprises a second wired logic block, a sec-
ond programmable processor block, a third memory for
control accesses, a fourth memory for data accesses, and
a second mstruction set for performing the second signal
processing function, and wherein the second mstruction
set 1s different from the first instruction set, wherein the
second processing block 1s configured to receive a signal
that 1s provided by the first processing block when the
second processing block recetves an interrupt; and

a third processing block, wherein the third processing
block comprises a codec communication signal proces-
sor engine that 1s configured to perform an error correc-
tion signal processing algorithm, wherein the codec
communication signal processor engine comprises a
third 1nstruction set that 1s optimized for the error cor-
rection signal processing algorithm and includes a com-
mon set of instruction words, and further includes an
additional set of mstructions words that are specialized
for the associated communication signal processor
engine.

11. A WCDMA digital baseband system, comprising:

a configuration processor block that 1s arranged for config-
uring two or more processing blocks;

a cell search processing block that 1s configured by the
configuration processor block, wherein the cell search
processing block comprises a first wired logic block, a
first programmable processor block configured by the
configuration processor block to change an algorithm
for cell searches, a first memory for control accesses, a
second memory for data accesses, and a first instruction
set, all optimized for performing cell searches, wherein
the first memory 1s independently addressable from the
second memory, and wherein the second memory 1s
arranged for performance of the cell search function;

a RAKE recerver processing block that 1s configured by the
configuration processor block, wherein the RAKE
receiver processing block comprises a second wired
logic block, a second programmable processor block
configured by the configuration processor block to
change the algorithm for RAKE recerver functions a
third memory for control accesses, a fourth memory for
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data accesses, and a second 1nstruction set that 1s ditfer-
ent from the first instruction set, all optimized for per-
forming the RAKE recetver function, wherein the third
memory 1s independently addressable from the fourth
memory, and wherein the third and fourth memories 1s

arranged for performing the RAKE receiver function;
and

an error correction block, wherein the error correction
block comprises a codec communication signal proces-
sor engine that 1s configured to perform an error correc-
tion signal processing algorithm, wherein the codec
communication signal processor engine comprises a
third 1nstruction set that 1s optimized for the error cor-
rection signal processing algorithm and includes a com-
mon set of instruction words, and further includes an
additional set of instructions words that are specialized
for the associated communication signal processor
engine.

12. The system of claim 11, wherein the second memory
architecture comprises distributed memory banks for each of
a plurality of fingers, odd and even banks for each finger,
multiple address pointers for different types of data, and
multiple memory banks that are configured for multiple chan-
nel estimations.

13. The system of claim 11, wherein the system 1s embed-
ded on a single chip.

14. The system of claim 11, wherein the RAKE recerver
processing block 1s configured to receive data from the cell
search processing block when an interrupt 1s received by the
RAKE recewver processing block.

15. A WCDMA digital baseband system, comprising:
a configuration processor block;

a cell search processing block that 1s configurable by the
configuration processor block, wherein the cell search
processing block comprises a first wired logic block, a
first programmable processor block, a first memory for
control accesses, a second memory for data accesses,
and a first instruction set for performing cell searches,
wherein the first memory 1s independently addressable
from the second memory, and wherein the second
memory 1s arranged for performance of the cell search
function;

a RAKE receiver processing block that 1s configurable by
the configuration processor block, wherein the RAKE
receiver processing block comprises a second wired
logic block, a second programmable processor block, a
third memory for control accesses, a fourth memory for
data accesses, and a second 1nstruction set that 1s differ-
ent from the first instruction set and that 1s for perform-
ing the RAKE recerver function, wherein the third
memory 1s independently addressable from the fourth
memory, and wherein the third and fourth memories 1s
are arranged for performing the RAKE receiver func-
tion; and

an error correction block, wherein the error correction
block comprises a codec communication signal proces-
sor engine that 1s configured to perform an error correc-
tion signal processing algorithm, wherein the codec
communication signal processor engine comprises a
third 1nstruction set that 1s optimized for the error cor-
rection signal processing algorithm; and wherein each of
the communication signal processor engines includes a
common set of instruction words, and further includes
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an additional set of instructions words that are special-
1zed for the associated communication signal processor
engine.

16. The system of claim 15, wherein the first instruction set
comprises the common set of 1struction words, a complex
multiplication word that 1s configured for sub-word parallel-
ism and single instruction multiple data, a parallel multiply
word that 1s configured for sub-word parallelism and single
instruction multiple data, and a parallel add word that 1s
configured for sub-word parallelism and single instruction
multiple data; and wherein the third instruction set comprises
the common set of instruction words, a parallel add-compare-
select word, and a parallel traceback word.

17. A system comprising:

a confliguration means for configuration of two or more

processing means in the system:;

a {irst processing means for performing a first signal pro-
cessing function configured by the configuration means,
wherein the first processing means comprises a first
wired logic means, a first programmable processor
means configured by the configuration means to change
an algorithm for the first signal processing function, a
first memory means for system data accesses, a second
memory means for user data accesses, and a first instruc-
tion set, all optimized for performing the first signal
processing function, wherein the first instruction set
includes at least an instruction word for directing the first
means to simultaneously execute differing operations
upon differing operands;

a second processing means that 1s separate from the first
processing means, wherein the second processing
means 1s arranged for performing a second signal pro-
cessing function that 1s different from the first signal
processing function configured by the configuration
means, wherein the second processing means comprises
a second wired logic means, a second programmable
processor means configured by the configuration means
to change the algorithm for the second signal processing
function, a third memory means for control accesses, a
fourth memory means for data accesses, and a second
instruction set that 1s different from the first instruction
set, all optimized for performing the second signal pro-
cessing function; and

a third processing means arranged for performing a third
signal processing function, wherein the third processing
means comprises a codec communication signal pro-
cessing means that 1s configured to perform an error
correction signal processing algorithm, wherein the
codec communication signal processing means com-
prises a third instruction set that 1s optimized for the
error correction signal processing algorithm and
includes a common set of 1instruction words, and further
includes an additional set of 1nstructions words that are
specialized for the associated communication signal
processing means.

18. The system of claim 17, wherein the first signal pro-
cessing function corresponds to a cell search function, and the
second signal processing function corresponds to a RAKE
receiver function.

19. The system of claim 17, wherein the second processing
means 1s configured to receive a signal that 1s provided by the
first processing means when the second processing block
receives an interrupt.
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